Background: Cannabinoid receptor subtype 1 (CB1) has a relationship to the proliferation of various cells including malignant tumoral cells. We investigated and compared the expression of CB1 in benign and malignant human prostate tissues and in benign and malignant human prostate cell lines, as well as its function for the proliferation of human prostate cancer cells. Methods: Real-time quantitative PCR was performed to compare its expressions in human prostate tissues (normal, benign hyperplasia, and cancer) and prostate cell lines (3 normal and 3 malignant). For localization of CB1, immunofluorescent staining with rabbit anti-CB1 polyclonal antibodies and tetramethyl isothiocyanate (TRITC)-labeled swine anti-rabbit immunoglobulin (DAKO) were used under fluorescence microscope. To further analyze whether cell death was induced by anandamide (non-selective agonist for CB1/CB2) via a receptor dependent mechanism, the viability of DU145 cells, which is known as androgen-insensitive prostate cancer cell, was measured using MTT assay. Results: CB1mRNA was found to be expressed in the all 3 human prostate tissues, however, CB1 protein was expressed in BPH and low grade malignant PC tissues, but not in high grade malignant PC tissues. CB1 as for cell lines, the expression of CB1 was low in malignant cell lines except for DU145. Anandamide elicited cell death, which was significantly inhibited by AM251 (selective antagonist for CB1), indicating that cell death induced by anandamide in DU145 cells was mediated by CB1. Anandamide time-dependently elicits up-regulation of CB1 in DU145 cells. Conclusions: CB1 may be an inhibitory regulator of androgen-insensitive human prostate cancer epithelial cell growth.
Introduction
In recent years, cannabinoids the active components of Cannabis sativa linnaeus (marijuana) and their derivatives are drawing renewed attention because of their diverse pharmacological activities such as cell growth inhibition, anti-inflammatory effects, and tumor regression [1] [2] [3] [4] [5] [6] .
The cannabinoid receptor has two subtypes, CB1 and CB2, which are both guanine-nucleotide-binding protein (G-protein)-coupled receptors [7] . CB1 was initially characterized in rat brains [8] , and later cloned from rat cerebral cortex [9] and human testis [10] . CB1 distributed mainly throughout the central nervous system, in the cerebellum, hippocampus, and cerebral cortex [11] , and has been found present on peripheral neurons and in non-neuronal tissues including pituitary gland, adrenal gland, lung, testis, ovary, uterus, prostate, eye, and vascular tissue [11] [12] [13] [14] [15] .
As for ligands of these cannabinoid receptors, in addition to delta-9-tetrahydrocannabinol (THC), the major active component of marijuana (Cannabis sativa), arachidonoyl ethanolamide (anandamide) [17] , 2-arachidonoyl glycerol [18, 19] , and 2-arachidonoyl glyceryl ether [20] were discovered to be endogenous ligands and later termed endocannabinoids. Anandamide is found in a wide range of brain tissues and non-neuronal tissues [21] , and its localization overlaps with that of CB1 [22] . Cannabinoids are known to control the proliferation of various cells such as neural cells and malignant cells [23] , and their effect is elicited mostly by CB1 [24] .
Prostate cancer ranks as the most common non-cutaneous malignancy and the second leading cause of cancer-related deaths in American males, with similar trends in many Western countries. According to an estimate of the American Cancer Society, a total of 234,460 men will be diagnosed with prostate cancer in the United States in the year 2006 and 27,350 prostate cancer-related deaths are predicted [25] . The major cause of mortality from this disease is metastasis of hormone refractory cancer cells that fail to respond to hormone ablation therapy [26, 27] . Because surgery and current treatment options have proven to be inadequate in treating and controlling prostatic cancer, the search for novel targets and mechanism-based agents for prevention and treatment of this disease has become a priority. Recent researches revealed the following new data regarding the role of cannabinoid receptors on the prostate cancer growth; Cellular 2-arachidonoyl glycerol, acting through the CB1 receptor, is an endogenous inhibitor of invasive prostate cancer cells [28] . Both CB1 and CB2 are present in several prostate cancer cell lines, and WIN 55,212-2, a mixed CB1/CB2 receptor agonist imparts cell growth inhibitory effects in LNCaP cells via an induction of apoptosis, not in the normal prostate epithelial cell at similar doses [29] .
Treatment of with cannabinoid receptors (CB1/CB2) agonist WIN-55,212-2 elicited apoptosis in human prostate cancer LNCaP cells through a sustained activation of ERK1/2, induction of p27/KIP1, and inhibition of cyclin D1 [30] .
Hence, we investigated and compared the distribution of CB1 in several different human prostate tissues, and several different prostate cell lines. Furthermore, we investigated the effect of CB agonist; anandamide, and CB1 selective antagonist; AM251, on the proliferation of DU145, which is known as androgen-insensitive prostate cancer cell line.
Materials and Methods

Human Tissue Samples
Five normal human prostate specimens were obtained during cystoprostatectomy for bladder cancer, 5 benign prostatic hyperplasia (BPH) specimens came from transurethral prostatectomy (TUR-P) or suprapubic prostatectomy procedures, and 5 malignant prostatic tumor specimens were from radical prostatectomy or prostatic biopsy. The study protocol was approved by the Ethics committee of University of Yamanashi and all samples were used after receiving full informed consent from each patient.
Cell Culture
PC3 (ATCC CRL 1435), DU145 (ATCC HTB 81), and LNCaP (ATCC CRL 1740), human prostate carcinoma cell lines, were obtained from American Type Culture Collection (ATCC, Manassas, VA, USA). They were maintained in RPMI1640, Ham's F12, and DMEM supplemented with 10% heat-inactivated fetal bovine serum (FBS), respectively, along with antibiotics (100 U/ml penicillin, 100 μg/ml streptomycin). The media and additives were purchased from Invitrogen (Carlsbad, CA, USA). PrEC (epithelial, CC-2555), PrSC (stromal, CC-2508) and PrSMC (smooth muscle, CC-2587), which were derived in BioWhittaker (Walkersville, MD, USA), were normal human prostate cell lines. They were cultured in different growth medium (GM) according to the manufacturer's instruction, PrEGM, SCGM, and SmGM-2, respectively, which contained supplements and growth factors. These normal cell lines and media were obtained from SankoJunyaku (Tokyo, Japan). All cells were seeded on culture dishes and incubated in a 5% CO 2 humidified atmosphere at 37˚C.
RT-PCR
Total RNA was isolated from cultured cells and prostate tissues using an RNeasy mini kit and RNase-Free DNase set (Qiagen, Hilden, Germany), according to the manufacturer's protocols. Approximately 1 μg of extracted RNA was reverse transcribed into complementary DNA (cDNA) using avian myeloblastosis virus (AMV) reverse transcriptase (first strand cDNA synthesis kit; Roche, Basel, Switzerland). Reverse transcription was performed using a thermal program at 42˚C for 60 minutes and 99˚C for 5 minutes. A qualitative PCR assay was performed with a thermal cycler system. Gene-specific primers were designed using the online program Primer 3 ( Table 1) . PCR amplification was performed at 94˚C for 5 minutes, followed by 30 cycles at 94˚C for 30 seconds, then 60˚C for 30 seconds, 72˚C for 1 minute, and 72˚C for 7 minutes, with a 50 μl mixture containing 0.2 μM of each pair of genespecific primers and a PCR core kit (Roche). PCR-amplified products were resolved on a 3.5% agarose gel and visualized with ethidium bromide. Some PCR products were purified and sequenced using an automated sequencing machine to identify the target gene.
Real Time Quantitative RT-PCR
Quantitative PCR assay was performed with a Smart Cycler System (Cephied, Sunnyvale, CA, USA) using SYBR green I as the fluorogenic dye (Molecular Probes, Eugene, OR, USA) [31] . Each cDNA, the products of RT-PCR, was subjected to 40 PCR cycles of 94˚C for 10 seconds and 60˚C for 20 seconds, with a measuring point of 6 seconds, in a 25 μl mixture containing 0.2 μM of each pair of gene-specific primers and an Ex taq R-PCR kit for a hot start (Takara, Shiga, Japan). The measuring point was set about 3 degrees lower than the specific melting peak point of the target gene to reduce the amount of nonspecific DNA products. Gene expression in each cell line was quantified as the product of the target gene relative to that of the glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene.
Proliferation of DU145 Cells and Treatment of Cells
Anandamide (an endogenous cannabinoid receptor agonist) was purchased from Sigma-RBI (St. Louis, MO, USA). AM251 (a selective CB1 antagonist) was purchased from Tocris (Ellisville, MO, USA). Anandamide was dissolved and diluted by ethanol, while AM251 was by DMSO.
To evaluate anandamide-induced cell death in androgen-insensitive prostatic cancer cells, DU145 were cultured in serum-free medium and treated with 4 different concentrations (5, 10, 20, and 40 Um) anandamide solutions and control ethanol solution for the indicated times. To evaluate the effect of CB1 on the anandamide-induced cell death in DU145, 2 different concentrations (2, and 10 Um) of AM251 and control DMSA solution were used.
Cell viability was measured with MTT assay and expressed as the rate compared to non-treated controls in each period. 3-4,5-dimethylthiazole-2,5-diphenyltetrazolium bromide thiazole blue (MTT) assay kit was purchased from Chemicon. MTT assay was performed to measure cell proliferation. In this experiment, DU145 cells, from a hormone refractory cell line, were used for the cell proliferation assay. DU145 cells were suspended in serum-free medium and seeded at a density of approximately 2 × 10 4 cells/well into a 96-well culture plate. After 12 hours of seeding, cells were treated with these agonists and antagonists individually or in combination. After the appropriate times of treatment, MTT solution (0.5 mg/ml final concentration) was added to each well and incubation was continued for 4 hours. Since mitochondrial enzyme converts MTT to insoluble formazan crystals, 100 μl color development solution containing isopropanol and 0.04 N HCl were added to dissolve the crystals. Absorption values at 570 -630 nm were determined with an automatic microplate reader (Bio-Rad, Hercules, CA, USA).
Immunofluorescent Staining
Frozen tissues embedded in optimal cutting temperature (OCT) compound (Tissue-Tek, Sakura, Tokyo, Japan) were cut serially into 7 μm thick sections, which were fixed in acetone (4˚C, 10 minutes), and non-specific reactions were blocked using blocking reagent (RT, 10 minutes; DakoCytomation, Glostrup, Denmark). Rabbit anti-CB1, and anti-CB2 polyclonal antibodies were purchased from Chemicon (Temecula, CA, USA), and used as primary antibodies at a dilution of 1:200 -250 (RT, 1 hour). Controls were stained without primary antibodies. Antibody reactions were detected with tetramethyl isothiocyanate (TRITC)-labeled swine anti-rabbit immunoglobulin (DAKO) at a dilution of 1:100 (RT, 30 minutes), after which the labeled cells, colored red, were detected using a fluorescence microscope.
Statistical Analysis
Data are reported as means ± standard deviations of 3 independent experiments. Statistical analyses were performed by one-way analysis of variance or an unpaired t test (Microsoft Excel program). A p value of less than 0.05 was taken to indicate statistical significance.
Results
Expressions of Cannabinoid Receptor mRNAs in Human Prostate Tissue
A qualitative PCR assay was performed to detect the gene expressions of cannabinoid receptors in human prostate tissues. CB1 and CB2 were detected to some degree in all normal, BPH, and prostatic cancer samples (Figure 1) . In this experiment, the cancer samples might also contain non-cancerous regions.
Quantification of Expression of Cannabinoid Receptor in Human Prostate Cell Lines
To measure the gene expressions of cannabinoid recaptors in human prostate cell lines, real time quantitative PCR was performed and the results were evaluated relatively (Figure 2 ). CB1 gene expression was found in DU145 cells to the same degree as in the normal epithelial cells, but more weakly in PC3 and LNCaP cells. The expression of CB2 was very low in all the prostate cell lines.
Cell Death Induced by Anandamide via a Receptor Dependent Mechanism
Cell viability and cytotoxicity were determined by the ability of the cells to yield dark blue formazan products Figure 6 shows characteristic patterns of CB1 and CB2 in prostatic tissues. In BPH tissues, CB1 and CB2 were localized in the epithelial regions. In the prostatic cancer tissues, with Gleason score 4 + 5 = 9 and moderatelydifferentiated adenocarcinoma, the expressions of either CB1 or CB2 in epithelial cells were almost negative (Figure 6) . Figure 7 revealed the comparison between low grade malignant and high grade malignant PC. In PC with Gleason score 3 + 3 = 6, well differentiated adenocarci- noma, CB1-positive staining in the epithelial cells is shown (Figures 7(A)-(C) ). However, negative CB1 staining in the epithelial cells is shown in PC with undifferentiated, neuroeodocrine carcinoma (Figures 7(D)-(F) ).
Expression of Cannabinoid Receptors (CB1 and CB2) in Human Prostate Tissue by Immunofluorescent Staining
Discussion
It is known that CB1 is distributed mainly in the nerve system, however, this receptor has also been detected in various non-neuronal tissues including prostate [11] . We found CB1 gene expression in both several human prostate tissues, and cell lines, regardless of whether the samples were benign or malignant. According to our results, gene expression of CB1 in LNCaP and PC3, but not DU-145, are lower than benign prostate cells (epithelial cell, stromal cell, and muscle cell). According to these gene expression studies, we assumed that DU145 is much more suitable for growth inhibition experiment with CB agonist than LNCaP and PC3. As expected, DU145 revealed that concentration-dependent inhibition of cell growth by anandamide, a non-selective agonist for CB1/CB2. Furthermore, addition of 10 uM of AM251, a selective antagonist for CB1, significantly reversed the growth inhibition by anandamide. These results indicate that cannabinoid-induced cell death is mediated by CB1 in DU145. Similar results have been reported in thyroid carcinoma , and other cancer cells [1, 2, 4, 32, 33] . We might consider that CB2 positivity in prostate cancer indicated possible existence of inflammation and immunocyte infiltration, since CB2 was more weakly detected than CB1 in all cell lines by RT-PCR. However, other report showed that both CB1 and CB2 activation might inhibit cell growth [29] .
Furthermore, the effect of cannabinoids on cancer cell growth, especially breast cancer cells, has been studied. Anandamide was found to elicit a remarkable anti-proliferative effect on the human breast cancer cell lines MCF-7, EFM-19, and T-47D via CB1 [32] [33] [34] . Anandamide inhibits the proliferation of human breast cancer cells which are stimulated by prolactin and nerve growth factor (NGF), and down-regulates both the long form (100 kDa) of the prolactin receptor (PRLr) and the high affinity NGF receptor (Trk) via CB1 activation, which leads the inhibition of the adenylyl cyclase (AC)-cAMP/ protein kinase A (PKA) pathway and the activation of the Raf-1/extracellular signal-regulated kinase (ERK) cascade [33] .
NGF receptors are related to the neoplastic progression of human prostate. During malignant transformation, expression of the low affinity NGF receptor (p75LNGFR) is reduced [35] , however, that of Trk is retained at the same level. While p75LNGFR is expressed in normal prostate, the expression is partially lost in BPH and malignant prostate tissues, and completely lost in the metastatic cell lines PC3, DU145, LNCaP, and TSU-prl [36] . Furthermore, expression of p75LNGFR in transfected TSU-prl cell reduces NGF-induced cell growth by activation of program cell death. Therefore, p75LNGFR is a negative regulator of human prostate epithelial cell growth, whereas Trk A is a positive regulator [37, 38] . The same as breast cancer cells, anandamide also may elicit a down-regulation on PRLr/Trk levels and inhibits the proliferation of DU145 cells, which are stimulated by prolactin and NGF, via a CB1-dependent mechanism [34] . Cannabinoid receptor can be deeply concerned with NGF receptors in the proliferation of prostate cancer cell induced by cannabinoids.
In addition to our gene expression study, either CB1 or CB2 protein expression in high grade malignant PC tissues was almost negative. On the other hand, BPH and low grade malignant PC tissues showed higher degree of expression of CB1 protein than in high grade malignant PC tissues. CB receptor agonists can inhibit cancer cell invasion via increased expression of tissue inhibitor metalloproteinase-1 in lung cancer cells, and also in other cancer cells [5] . In a recent report, tetrahydrocannabinoid (THC), agonist for CB1 and CB1, has inhibited in vitro motility, and in vivo growth and metastasis [39] . In another very recent report, CB1 expression is not correlated with the grade of malignancy in PC [40] . Our present gene expression experiments are that PC3, highest malignant grade PC cells revealed lowest degree of CB1 gene expression, and that DU145, lower or moderate malignant grade PC cells revealed highest degree of CB1 gene expression. According to these gene expression data with cultured PC cells and protein expression with human PC tissues, we may hypothesized that benign tissue and low malignant PC tissues express higher degree of CB1 protein expression, and that growth of these tissues can be inhibited by CB1 agonists. On the other hand, higher grade malignant PC tissues do not express CB1 protein, hence, growth of these tissues can not be inhibited by CB1 agonists. To overcome the protective effect in higher grade malignant PC tissues, induction of CB1 into these tisseus or cells may be effective.
In summary, anandamide inhibits the proliferation of human prostate cancer epithelial cells, DU145, via CB1 receptor. It suggests that cannabinoids have a potential tumor suppression effect, though further study of this receptor as new targets in prostate cancer therapy is required.
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